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Introduction
Heat distribution networks are complexed structures being a combination of pipes of various diameters, which carry the heat, by a thermodynamic factor, from the source producing the network heat to its terminal receivers. The heat is used to technological, warming and municipal purposes. The basic problem of heat distribution networks in summer season is the decrease in the demand for heat, which is mostly used for preparing domestic warm water. A discussion on the possibility of increasing heat distribution networks load by utilization the heat to produce chilled water by using absorptive as well as adsorptive aggregates has taken place for a couple of years. In Scandinavian counties the interest is particularly visible, mainly because of higher temperatures of the heating factor [17] . The data shown in publications [7, 13] are a proof of an increasing tendency of network coolants supplies. In the majority of Polish cities, too low temperature of distribution network water, which in summer season varies from 66 to 70°C in the source, and in fact is 8°C lower reaching the receiver, restricts the usage of adsorptive air conditioning systems working in decentralized units. The minimum temperature of a factor which supplies absorptive, bromine-lithium refrigerators is about 72°C, whereas the effective work is possible at temperatures 85-90°C [20] . Increasing the temperature of a heating factor to parameters 90/55°C, typical for Scandinavian countries, would lead to increasing the heat loss during the transfer [21, 22] . The problem of low temperature of water supplying sorptive cooling aggregates in summer season do not apply to silica gel adsorptive appliances, whose performance is possible for a heating factor at temperatures just above 55°C.
Designing and development of adsorptive cooling systems, based on the usage of silica gel and sulfur dioxide began in the 20 th of the previous century [14] . A modification of the construction and applying various pairs of adsorbent-adsorbate have been done in order sciENcE aNd tEchNology to increase the efficiency of coolant production as well as the cooling power. Experimental examination of basic parameters influencing the ability to absorb silica gel in a grainy state and after covering a flat surface with it have been shown in article [5] . The evaluation of the possibility to increase the adsorptive efficiency of refrigerating appliances by intensifying heat transport to the border of an adsorbent deposit and heat exchanger pipes has been carried out. Many publications, among others [1, 3, 4, 12, 16, 23] deal with numeric modelling and mass and energy flow simulation in adsorptive refrigerating aggregates, most often of double and triple-deposit. The described models are based on some main fore designs, among others: the law of mass and energy conservation, -adsorption balance depending on pressure and tempera--ture, the kinetics of the adsorption process. -
The equations of a kinetic model, Linear Driving Force [19] are used most often to describe the process of adsorption. The adsorptive balance as a function of pressure and temperature is determined by using the equations formulated by Chihara and Suzuki [2] .
The possibilities of using adsorptive cooling aggregates supplied by the heat from distribution networks have been described in publications [10, 20] . In publications [6, 8, 9, 11, 15, 18] it is possible to find the analysis of sorptive appliances practical usage in industrial applications, enabling to regain the heat from technological processes, waste heat from clinker cooler or the process of sintering and cooling iron-bearing materials in steel plants.
The aim of carrying out the scientific experiment on the possibility of using distribution network heat in summer season to supply double-chamber adsorptive refrigerators was to verify present knowledge on the influence of hot water temperature and the temperature of water in the discharging from the aggregate heat cycle on the Coefficient of Performance and refrigeration power of the appliance. The expected result was to define the dependence describing the tested characteristics, which will be the base to ensure a better stability of the coolant producing process and make the optimization of the parameters in order to use a cooling appliance effectively.
Structure and the way of double chamber cooling aggregate functioning
An adsorptive silica gel cooling aggregate of 7 kW power value has been used in examination. The appliance consists of two-bed silica gel water adsorption chiller, whose function is to adsorb cooling factor's evaporates. Adsorption is defined as a process of particles, atoms or ions bonding on the surface or a border of physical phases [24] . The adsorption ability depends on the size of the surface separating two phases. Adsorptive aggregates are built of various pairs of adsorbent-adsorbate units. Water is most commonly used as an adsorbate and silica gel -as an adsorbent. Silica gel has several advantages, among others the ability to absorb a large amount of water at low temperatures and the possibility to desorb at temperatures below 90°C. This medium is durable, nontoxic and noncorrosive [5] .
Functioning of an adsorptive, double chamber appliance, whose aggregated diagram is shown in Fig. 1 , takes place in two semi-cycles. The first one begins when there is low pressure and low temperature in the adsorber 1 and the adsorbent is saturated with a cooling factor, which means it contains a big amount of water -state A. There is high pressure and high temperature in adsorber 2 and the adsorbent has a minimum contents of water -state C. Valves Z1 and Z2 are closed. Fig. 2 . shows the state of isosteric deposit 1 heating and isosteric deposit 2 cooling. Heat from heating water cycle is provided to adsorber 1, which results in the pressure and temperature increase, at a constant humidity of the deposit -curve A-B. Heat receiving by an exchange with a cooling water cycle takes place in adsorber 2, which causes a fall of temperature and pressure, at a constant humidity of the deposit -curve C-D.
When the pressure in adsorber 1 reaches the value of condensation pressure Ps, and in adsorber 2 it reaches the value of evaporating pressure Pp, valves Z1, connecting chamber 1 with the condenser and chamber 2 with the evaporator are being opened, which has been shown in Fig. 3 . Effective performance of the cooling unit starts for this stage. Regeneration of the sorbent deposit is being done in ad- The effective performance is completed when adsorber 1 reaches state C and adsorber 2 reaches state A, which has been shown in Fig.  4 . Valves Z1 are being closed. The second semi-cycle of the unit functioning starts, when heat is being supplied to adsorber 2 and received from adsorber 1. In the second semi-cycle a cooling factor flows through a crossing connection of adsorber 2 with the condenser and adsorber 1 with the evaporator. Such a connection is possible by opening valves Z2. The rest of the process is held identically as in the first semi-cycle.
Methodology of examinations
Experimental examinations of heat energy utilization to produce chilled water in an adsorption process have been carried out on an experimental installation consisting of subsystems:
recording, monitoring and controlling, -pressure and temperature regulation, -chilled water production, -discharging heat overabundance from the installation. - Fig. 5 . shows a simplified model of a chilled water production system. Hot water from heat distribution network, whose maximum temperature in summer reaches 70°C is the inlet to the system. Ice water used to discharging the heat from the cooling space is the outlet.
In this publication a detailed analysis of functioning of a sorptive cooling aggregate of nominal power 7 kW has been carried out, taking under consideration the influence of the temperatures of the aggregate supplying factors on the efficiency and cooling power. For this kind of adsorptive appliance the most important factors affecting its performance are: the temperature of supplying hot water ̶ − TT1 the temperature of chilled water ̶ − TT2 the temperature of the water in the heat discharging from ̶ the appliance cycle − TT3.
The regulation of the temperatures in particular hydraulic cycles may contribute to estimating the most favorable conditions for a sorptive cooling unit functioning. The efficiency of a coolant production COP (Coefficient of Performance) in the adsorptive aggregate is defined according to a dependence (1): The efficiency of a cold production is the rate of the amount of heat received from the cooling space as a result of evaporating and the amount of heat supplied in the process of heating the deposit and its regeneration. The cooling power of the adsorptive appliance is defined by the dependence (2):
where: 
The results of operating examination of an adsorptive cooling aggregate
The operating examinations have been carried out for hot water supplying the adsorptive aggregate in the range of temperatures TT1 varying from 55°C to 70°C. In the same range recording of chilled water temperatures and water temperatures in the heat discharging from the aggregate cycle has been done. In order to define the efficiency characteristics of a cold production and refrigeration power, the indications from the heat meter on both hot water supplying the aggregate and chilled water have been read out. In the publication the examination results have been depicted for extreme values of hot water in the supplying adsorptive aggregate cycle. Basic examinations of functioning characteristics have been done for water temperature in the heat discharging cycle at a cooling appliance supplying point in the range of 18°C − 37°C. Figure 6 shows Coefficient of Performance distribution as a function of water temperatures in a heat rejection circuit from appliance TT3 for given temperature of hot water supplying a chiller aggregate TT1= 55 ± 2.8°C. The form of a function approximating a Coefficient of Performance distribution from water temperature in the heat discharging from the appliance cycle has been accepted as follows (3):
Examination results for water temperatures in the aggregate supplying cycle TT1=55± 2.8°C
The maximum value of efficiency COP=0.47 has been received for water temperature in the heat discharging cycle TT3=24.2°C. Figure 7 shows cooling power distribution of an adsorptive aggregate P ch for a given range of water temperatures in the heat discharging cycle.
The form of a function approximating cooling power distribution from water temperature in the heat discharging from the appliance cycle has been accepted as follows (4):
The maximum value of cooling power P ch =3.67 kW has been received for water temperature in the heat discharging cycle TT3=18.6°C. For temperatures TT3≥32°C the aggregate cooling power has decreased to the value below 1 kW. Figure 8 shows chilled water temperatures distribution TT2 on the output of an adsorptive aggregate depending on water temperatures in the heat discharging cycle TT3 for the temperature of hot water supplying a cooling unit TT1=55± 2.8°C.
The form of a function approximating chilled water temperatures from water temperature in the heat discharging cycle has been accepted as follows (5):
The temperature of water in the heat discharging cycle is increasing with the increase of chilled water temperature at the aggregate's outlet.
Examination results for water temperatures in the aggregate supplying cycle
TT1=70±3.7°C Figure 9 shows a diagram of a Coefficient of Performance as a function of water temperature in the heat discharging cycle TT3 for given temperatures of hot water supplying a chilled aggregate TT1=70±3.7°C.
A relationship between a coolant production efficiency and water temperatures in the heat discharging from the aggregate cycle can be described by a square function, depicted in the form (6):
The maximum value of efficiency COP=0.53 has been received for water temperature in the heat discharging cycle TT3=33°C.
The examination of a Coefficient of Performance in an adsorption chiller aggregate presented here indicate a large dependence on water temperature in the heat discharging cycle. With the increase in temperature of the hot water supplying the sorptive cooling appliance, the range of maximum efficiency extends, which results in limiting the influence of water temperature in the heat discharging cycle.
Cooling power distribution P ch of an adsorptive aggregate as a function of water temperature TT3 has been shown in Fig. 10 .
The form of a function approximating cooling power distribution from water temperature in the heat discharging from the appliance has been accepted as follows (7):
The maximum value of cooling power P ch =5.45 kW for a given range has been received for temperature TT3=18.2°C. The cooling power of the adsorptive aggregate is increasing with the increase in the temperature of the supplying hot water. It is caused by a faster regeneration of a silica gel bed. sciENcE aNd tEchNology
The examinations have proved the possibility to reach high Coefficient of Performance as well as cooling power of a double chamber cooling aggregate by changing hot water temperature in the supplying cycle of this aggregate. The cooling efficiency and the cooling power can be also changed by changing temperature in the heat discharging cycle. The defined relationship describing the parameters of functioning let us choose between power maximization and efficiency maximization, which, depending on the temperature of the available source of heat allows to utilize effectively a sorptive cooling appliance with lowering exploitation costs at the same time.
Conclusions
The fall of the demand for network heat in summer season results in underloading of heat distribution networks and affects negatively the all-year-round energy balance of heating companies. It seems possible to utilize heat to supply adsorptive cooling appliances producing chilled water for the needs of air conditioning in order to increase the heat distribution networks' weight in summer season. By analyzing the examination results, a strong linear correlation between ice water temperatures and water temperatures in the heat discharging from the aggregate cycle has been recorded. Decisive parameters affecting the efficiency and cooling power of the examined appliance are equally hot water temperatures and water temperatures in the heat discharging cycle. The influence of water temperatures in the heat discharging cycle onto the efficiency and cooling power at a certain hot water temperature are described by square functions. The increase in water temperatures in the heat discharging from the appliance cycle causes the fall of cooling power.
Aiming at limiting the influence of water temperatures in the heat discharging cycle, at given cooling power characteristics, water of highest possible temperature should be provided to the adsorptive appliance supplying cycle.
The carried out experiments let us determine basic parameters influencing cooling efficiency, refrigeration power and chilled water temperature of a two bed silica gel water adsorption chiller double chamber adsorptive cooling aggregate. The received results show the possibility to regulate the parameters of the cooling appliance supplied from a heat distribution network more precisely, this way let us lower the costs of exploitation. Figure 11 shows chilled water temperature distribution TT2 at an adsorptive aggregate's outlet depending on water temperatures in the heat discharging cycle TT3 for the temperature of hot water supplying a cooling unit TT1=70±3.7°C.
A relationship between ice water temperatures and water temperatures in the heat discharging from the aggregate cycle can be described by a linear function, depicted in the form (8):
For the whole range of carried out examination, the increase in temperature of hot water supplying a sorptive cooling appliance causes an increase in chilled water temperatures. 
